The prevalence of Aeromonas hydrophila in stool specimens from patients with diarrhea was studied during 18 months. A. hydrophila was found in 1.1% of patients with diarrhea and in none of 533 control patients (P < 0.02). Cases were detected 1.5 times more often during the summer months than the winter months, and most occurred in children less than 2 years of age. Clinical features included fever greater than 38°C (55%), abdominal cramps (35%), vomiting (25%), and duration of illness greater than 10 days (50%). Detection of A. hydrophila in stools was facilitated by the use of sheep blood agar with 15 ,ug of ampicillin per ml which was flooded with oxidase reagent after growth. A cytotoxin was produced by 62% of the isolates, and the cytotoxic strains showed positive results in a hemolysin assay and a lysine decarboxylase reaction.
The genus Aeromonas of the family Vibrionaceae contains gram-negative rods with single polar flagella (33) . Important biochemical properties of this genus include a positive oxidase test result when grown on nonselective media (19, 26) and the ability to utilize carbohydrates fermentatively. Although taxonomic confusion exists among several species of the genus Aeromonas, it is agreed that the most common human isolate is Aeromonas hydrophila (11), which was not distinguished from Aeromonas sobria in this report. A. hydrophila is commonly isolated from fresh water (30) and estuaries (18) .
Although considered an uncommon human pathogen, A. hydrophila has been reported to cause a variety of human infections, including cellulitis (23) , wound infections (17) , hepatobiliary infections (12) , and septicemia, especially in immunocompromised individuals (21) . However, the most commonly associated clinical infection has been diarrhea (2, 8, 20, 24, 28, 35) . A. hydrophila has been isolated from diarrheal stool specimens in greater frequency than from control stools (4, 6, 15, 31, 36) , and neutralizing antibodies have been demonstrated in the serum of convalescent patients with Aeromonas-associated diarrhea (16, 27) .
The possible pathogenic mechanisms by which this organism may cause enteritis have been incompletely investigated. Many strains of A. hydrophila have been shown to possess virulence factors, including adherence to buccal cells via pileation (10), hemagglutination (3), and production of various exotoxins, including hemolysin (7) . In addition, enterotoxigenic activity probably caused by a single toxin (9) has been demonstrated by the following methods: rabbit ileal loop assay (28) , perfusion of rat jejunum in vivo (32) , suckling mouse test (5) , and cytotoxin assay (22, 37) .
Despite these studies, A. hydrophila is not commonly sought from routine stool cultures, and enteritis caused by this organism has had few clinical evaluations. We, therefore, undertook this prospective study of patients with diarrhea. An easily prepared sheep blood agar containing 15 ,ug of ampicillin per ml (SB-A agar) was used to suppress * Corresponding author. normal flora and allow direct observation of hemolysis and oxidase reactions to facilitate isolation of A. hydrophila.
MATERIALS AND METHODS
Clinical evaluation. Liquid stools from self-referred patients were studied over an 18-month period, from April 1981 through September 1982. During that period, 2,050 nonformed stool specimens from 1,821 patients were ordered for culture by private physicians of La Crosse Lutheran Hospital-Gundersen Clinic. Approximately 60% of the specimens were from outpatients. Twenty-four patients were associated with two discrete outbreaks of salmonellosis and were excluded from evaluation. In addition, throughout the period of study, 533 control specimens were obtained. Fifty of these were from hospitalized children, and the rest were from unselected patients in the outpatient internal medicine clinic. All control specimens were from individuals without diarrhea who had not received antibiotics within 2 weeks of specimen collection.
Patients who had a positive culture for A. hydrophila were interviewed retrospectively concerning environmental exposures to sources such as spoiled food, surface water, or individuals with intestinal infections. In addition, symptoms and signs of each case were reviewed directly with the patient or the parent of the patient and from the records of the physician.
Microbiological evaluation. Stool specimens from patients with diarrhea were processed for Salmonella, Shigella, and Campylobacter spp. with MacConkey agar, Hektoen enteric, xylose-lysine-desoxycholate agar, Campylobacter spp.-selective agar, and gram-negative enrichment broth. Rotaviral evaluation was not done. In addition, stool specimens from these diarrheal patients and stools from controls were plated on SB-A agar. After 24 to 48 h of incubation at 37°C, these plates were flooded with 1% sodium dimethyl-T-phenylenediamine monohydrochloride (oxidase reagent). Oxidasepositive colonies were picked for subculture before total blackening had occurred, to ensure that viability was not lost. Reisolated organisms, not typical Pseudomonas aeruginosa by color or odor, were further evaluated by triple sugar iron slants and API-20E commerical strips. In addition, all lysine decarboxylase reactions were confirmed by using a macrotube (Difco Laboratories, Detroit, Mich.), and all failed to grow in 1 and 6.5% sodium chloride broth. SB-A agar was compared with plain sheep blood agar (SB agar), DNase-toluidine blue-ampicillin agar (DNTA agar; GIBCO Diagnostics, Madison, Wis.), and Yersinia agar (CIN agar; Difco) and has been recently reported to grow A. hydrophila frequently from clinical specimens (A. G. Helstad, E. Christenson, L. Dodge, and J. Archer, Abstr. Annu. Meet. Am. Soc. Microbiol. 1983, C152, p. 337). Comparison was done as described by von Graevenitz and Bucher (34) . Ten stools from clinical specimens were plated to two SB agar plates and then incubated for 18 to 24 h at 35°C. After 24 h, one plate was flooded with oxidase reagent to be certain that test stools did not contain oxidase-positive organisms. The stools were diluted to a 0.5 McFarland standard and then further diluted (1:10) to an estimated final concentration of 107 colonies per ml.
An A. hydrophila isolate that initially grew on all four media was then diluted to a 0.5 McFarland standard, and further dilutions of 1:10, 1:100, and 1:1,000 were made. Equal portions of the normal stool dilution and the dilutions containing A. hydrophila were pipetted together, and then, by using a calibrated 0.001-ml loop, these mixtures (104, 103, and 102 organisms per ml) were streaked onto the CIN, DNTA, SB, and SB-A agars.
Testing for cytotoxin was performed by using HeLa cells as previously described (9) . In addition, hemolysin was assayed by the method of Burke et al. (4) . Finally, standard Kirby-Bauer disk diffusion susceptibility tests were performed with antibiotics which are commonly used for the treatment of gastroenteritis.
RESULTS
Clinical evaluation. A. hydrophila was isolated from stool specimens from 20 (1.1%) of 1,797 patients with diarrhea. No isolates of A. hydrophila were found in the 533 concurrently collected control samples (X2 = 6.0; P < 0.02). Two patients with A. hydrophila also had concurrent pathogens, either Giardia lamblia or Campylobacter jejuni, in their stool.
The frequency of A. hydrophila cases during warm months was 1.25 case per month, whereas during cold months it was 0.83 case per month. Although much less common than C. jejuni, which was found in 8.3% of diarrhea cases, A. hydrophila was only slightly less frequent than Salmonella sp. isolates, which were found in 1.6% of diarrhea cases, when two-point source epidemics totaling 24 cases of salmonellosis were excluded (Fig. 1) . In the La Crosse area, shigellosis is uncommon; it accounted for only three (0.2%) of the diarrhea cases in this study. Age distribution, similar to that of Salmonella disease (1), revealed a greater number of cases in individuals less than 7 years of age and in those greater than 60 years of age (Fig. 2) .
Clinical features of A. hydrophila-associated diarrhea are shown in Table 1 . Only one of the cases was associated with recognized contaminated surface water, but this case had In all 20 specimens with A. hydrophila, this organism grew in large numbers. In 18 of 20 of these, A. hydrophila was found in large numbers on the SB-A agar only. Colonies were easily identified due to frequent beta-hemolysis and oxidase positivity (Fig. 3) . Seventy-five percent of the isolates were hemolytic. In one specimen, A. hydrophila was found in large numbers on all primary plates, including the SB-A agar. From only one specimen was the organism detected only on an XLD plate, due to nonlactose fermentation, and not found on the SB-A agar.
Sixteen isolates that remained viable were later assayed for both cytotoxin, by using HeLa cells, and hemolysin, by using rabbit erythrocytes. Of these tested strains, 10 (62%) were cytotoxic and 6 (37%) were noncytotoxic. Cytotoxin was found in all isolates that were lysine decarboxylase positive and in none that were lysine decarboxylase negative. All cytotoxic strains produced hemolysin in titers of greater than 1:4, and all noncytotoxic strains were nonhemolytic. A positive Voges-Proskauer reaction occurred in 4 of 10 (40%) of cytotoxic strains and in none that were noncytotoxic. Most of the cytotoxic strains (9 of 10) were arabinose   FIG. 3 21, 1985 on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from negative, whereas 4 of 6 noncytotoxic strains were arabinose positive. A similar observation has been made by Burke et al. (6) , who correlated enterotoxigenicity with biotypes of Aeromonas species.
Antimicrobial susceptibility testing by standard KirbyBauer disk diffusion showed all 16 isolates to be sensitive to nalidixic acid, tetracycline, trimethoprim-sulfamethoxazole, and sulfamethoxazole. All were resistant to ampicillin, penicillin, and carbenicillin, whereas only 31% were sensitive to cephalothin. Similar antibiotic patterns have been reported elsewhere in greater detail (14) .
DISCUSSION
In this study, A. hydrophila was found only in stool specimens from patients with diarrhea. The organism was present in large numbers, and no isolates were found in control specimens. Others have reported a low or negative frequency of A. hydrophila from normal stools (6, 15, 31, 36) . In contradistinction, Echeverria et al. found A. hydrophila in normal subjects nearly as frequently as in patients with gastroenteritis (13) . These divergent results may be related to geographic location, season of collection, and to the microbial media used for isolation. The sensitivity and specificity varied when different media were compared by von Graevenitz and Bucher (34) .
SB-A agar was chosen in this study because it is a practical medium that is easy to prepare. This medium not only inhibits many of the enteric flora but also allows direct observation of both hemolysis and oxidase reactions from the primary plate. In these latter characteristics, we found it to be very practical in comparison with the DNTA media. Despite a recent report of A. hydrophila isolates growing on CIN agar (Helstad et al., Abstr. Annu. Meet. Am. Soc. Microbiol. 1983), we found this medium to be not only less sensitive (40% false-negative results) but also less practical due to an initial negative oxidase reaction. If SB-A agar had not been used on the diarrheal stool samples from the clinical cases, only 2 of the 20 isolates would have been found. Thus, we strongly recommend inclusion of a selective plate if A. hydrophila is sought from patients with diarrhea.
Clinically, A. hydrophila-associated diarrhea was not distinct from other types of diarrhea commonly encountered in United States practice. Most cases were not severe, but six patients had diarrhea severe enough or diagnostically difficult enough to require hospitalization. We expected to find an association of this illness with exposure to surface water, but the only such patient had concurrent giardiasis. We have theorized that contaminated water or foods processed with contaminated water are the source of A. hydrophila intestinal infections. Similar to other bacterial enteric pathogens, A. hydrophila-associated diarrhea was seen more often in summer months. In this series, the disease was unlike shigellosis and more like toxigenic diarrheas in that no cases of tenesmus or hematochezia occurred except in one patient who had a concurrent C. jejuni infection. This observation is divergent from the recent report by Burke et al. (4) , who found that 25% of the children tested had macroscopic blood in their stool.
Cytotoxic activity was demonstrable in only 62% of isolates. This was invariably associated with a positive lysine decarboxylase reaction. A similar relationship was noted by Cumberbatch et al. (9) . Whether the toxin-negative strains possess other mechanisms capable of causing enteritis or whether they are commensals is not yet known. However, other possible pathogenic markers have been identified (7), and it is possible that like non-group 01 Vibrio cholerae (25) and other Vibrio spp. (29) , A. hydrophila has other mechanisms capable of producing diarrhea.
In conclusion, our study confirms the work of others who have shown that A. hydrophila is found in association with diarrhea more often than in normal controls. In addition, a majority of strains produced a cytotoxin, and the presence of this toxin usually correlates closely with a hemolysin and a positive lysine decarboxylase reaction. We feel that SB-A agar is an inexpensive and practical way to culture stools for this organism. However, confirmation that the organism is an enteric pathogen should be sought by further epidemiological studies and studies in animal models and volunteers. If this organism is confirmed as a pathogen, antibiotic therapy such as trimethoprim-sulfamethoxazole or tetracycline could be studied to determine whether antibiotics can alter the length of illness. Cost considerations might well warrant such a study, as A. hydrophila-associated diarrhea lasted longer than 10 days in 50% of our patients and was related to hospitalization in six cases.
